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- EXECUTIVE SUMMARY

This report summarizes a study of atmospheric particulate matter in the
vicinity of Mono Lake, California. Mono Lake is Tocated east of Tioga Pass
and Yosemite National Park, and is the largest natural Tlake entirely within
the state. The lake has no outlet, and over the centuries it has both shrunk
in size and become strongly alkaline. Diversion of four of the five feeder
streams of Mono Lake has provided considerable high quality water and hydro-
electric power to the Los Angeles Department of Water and Power, but at the
cost of accelerating the lowering of the lake level. Exposure of the lake
bottom has formed alkaline playas of considerable extent. Residents have
been concerned about dust episodes, confirmed recently by A.P.C.D. Total
suspended particulate monitoring results show infrequent but extremely elevated
dust levels, (to 1800ug/m® near Mono Lake). The present study was designed
to determine the frequency and severity of dust episodes, acertain the size
and chemical nature of suspended particulates, associate the dusts with local
and regional sources, and document the geographical extent of such events.

These goals parallel those of a similar A.R.B.-funded study by the Davis Air
e Quality Group of the dry Owens Lake, and this study benefftted from methodology
and results of the earlier study.

The study includes data taken at Hansen's ranch (see Figure E-1) between
April 24 and June 18, 1979, in the earlier Owens Lake study. Particulate
monitoring took place near Mono Lake between May 13 and October 28, 1980, at
sifes in Bridgeport, Bodie, Hansen's ranch, Lee Vining, and Benton, Ca., using
seven day averaging periods. Daily 24 hour sampling was conducted at Hansen's
ranch from May 13 to July 16, and from July 16 to October 18 in the city of
Lee Vining. Air quality was also studied with solar-assisted battery powered air
samplers, between July 15 and November 30. A1l air samplers used in this study
were stacked filter units (SFU's), delivering two size fractions between 15um to
2.5um, and less than 2.5um diameter. Retention of dry, coarse particles was
enhanced by using grease coatings on the first stage, which also greatly reduced
mis-sizing based on bounce phenomena, The separation at 2.5um is done by partia1
filtration, giving a gentle cut similar to the human Tung but much softer than
impactors.

11T
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Samples were also collected of local soils and playa sediments. These
samples were suspended in an air stream, and size-selected for particles below
T5um to coincide with the aerosol techniques.

Analysis was done for total mass {(all particles less than 15 microns) and
for elemental content, (sodium through lead), using particle induced x-ray
emission (PIXE) at Davis. These analytical systems are subject to strict
third party quality assurance protocols, partly because they were the major
analytical methods used for the 40 station EPA/National Park Services Western
Fine Particle Network. Sensitivity is nominally 10ug/cm?, while absolute accuracy
has been consistently better than 5%. Some samples were examined by a scanning
electron microscope with elemental analysis by electron beam induced x-rays.

The results of the study at Mono Lake are similar to those obtained near
Owens Lake, but the levels of dust in episodes are neither as severe nor as
frequent. Analysis of soils near each lake give rather similar elemental values,
while composition of the alkaline crusts are also similar. In particular,
the C1/S levels at each site were identical (3.3 + 0.1, Owens Lake; 3.3 + 0.5
at Mono Lake but ignoring Pahoa Island)}. However, Mono alkaline crusts have
higher levels of sodium, sulfur and chlorine relative to soii-like materials.

No analog to Mono's caicium carbonate tufa columns was sampled at Owens Lake.
The SEM analyses of crystalline materials (K. Lajoi, USGS) showed sulfur as

the dominant peak, with little chlorine. This result may help explain the
reTatively elevated sulfur levels seen at both Owens Lake (Kee1er)'and Mono Lake
(Cedar Hill, Simis) sites, as the crystalline material may resuspend more
‘easily (Figure E-2).. '

Air quality at Owens and Mono Lakes was simultaneously sampled in spring,
1979. Figure E-3 shows these results. Two periods characterized by elevated
dust episodes were present at both sites, while mean dust values climbed to
equivalent levels by late June. The Owens episodes could be clearly associated
with alkaline Take bed materials and not wind blown soils, through upwind-downwind
sampling and by chemical similarities to the lake pTayas. These results enhance
the similarities between the Owens Lake and Mono Lake airsheds.

Monitoring at Mono Lake in 1980 was carried out in mean and peak wind
conditions lower than those of 1979 (Figure E-4). This is one possible cause for
the Tower particulate levels in 1980 at Mono Lake, (Figure E-3), but the elevated
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FIGURE E-3
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FIGURE E~-4

Bishop Wind Speed Data - 1979 vs 1980
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precipitation in early 1980 could also be implicated. Even though the total

. dust levels were reduced in 1980 at Mono Lake, the fraction associated with
lake playas increased relative to soils, as shown by S/Fe and C1/Fe ratios.

" This is in accord with decreased aeolian soil transport associated with high
soil moisture content.

Monitoring studies at sites near Mono Lake (Lee Vining, Hansens's ranch)

and several miles from the lake (Bridgeport Bodie and Benton) yielded information
on frequency and occurance of events, size and chemical signatures of dust
episodes, and transport away from the lake. Mean particulate levels were good,
averaging about 35ug/m 1in the less than 15um inhaleable size fraction. Fine
particulate matter was a small fraction of the mass. Only sulfur particles
were routinely present, but these showed no enhancement at the sites near the lake.

Sites near Mono Lake Fine Sulfur Period
Lee Vining 505 + 268na/m> 5/13 - 10/28/80
vansen's ranch 443 + 308ng/m° 5/13 - 10/28/80

, Sites Away Mono Lake Fine Sulfur Period
* Bridgeport-Bodie 501 + 202ng/m® 5/13 - 10/28/80
Renton 482 + 257ng/m? 5/13 - 10/28/80

Thus, as expected, fine particulate sulfur is not of local origin.

Little correlation was seen between sites near the lake and other sites
in terms of the coarse soil particles that dominated the gravimetric masé.

The combination of particulate size, chemical, and geographical information
points to non-playa sources for most particulate mass at all four sites during
the entire monitoring period.

The fraction of playa méteria] present at sites near the lake is shown
best in the daily monitoring'data at Lee Vining. Here the characteristic short
term episodes of alkaline minerals are best seen, clearly associated with local
ptaya sources by their partfcle size and chemistry, as local soils are almost
totally devoid of soluble alkaline salts. The levels, while increasing as fall

- approached, reached only 1600ng/m3 (chlorine} and 800ng/m? (coarse sulfur)

over this period. By associating these materials with total particulate mass

from playa samples, one can estimate that only about 5 + 3% of Lee Vining mass

was from playa sources, May 13 to October 28, 1980. There were some days, however,
expecially in the fall, when playa-associated materials dominated all other

sources of total mass.




Detailed studies of periods characterized by blowing dust were carried
out with solar-assisted battery powered SFU's. This technical innovation
of the Davis Air Quality Group allowed measurements to be made for periods of
up to 7 days at sites where electrical power is absent. The playa origins
of such episodes was confirmed both visually and chemically. A lake wide episode,
August 19 and 20, generated levels of 300ug/m3,, while levels of up to 500ug/m3
were observed up to the Nevada State 1ine (Cedar Hi11)on November 29-30.
During the summer episodes C1/S ratios were very similar to lake bed values,
not showing the sulfur enhancement seen at Owens Lake, By late fall, however,
C1/S ratios had decreased by an order of magnitude for reasons presently
unknown.

In summary, while the Mono lLake area is generally possessed of good to
very good air quality, elevated dust episodes occurred in which the playas
are clearly the dominant source. Particles are inhaleable (<15 microns), strongly
‘a1ka]ine, and occasionally achieve 24 hour levels that must be considered
high on any HeaTth or welfare standard. '

The present study was hindered by atypical wind and precipitation conditions
in 1980, delay in setting up monitoring sites, and a duration too short to
catch most of the spring and fall dust episodes. Lack of local meteorological
information has made more difficult quantitative association of the'comp1icated

local winds to blowing dust.




INTRODUCTION

Mono Lake is one of several saline Takes that exist along the arid
eastern escarpment of the Sierra Nevada. Located east of Tioga Pass near
Yosemite National Park, Mono Lake is really an inland sea, for no rivers
ever leave it. Several small streams have been depositing minerals in the
Mono basin for thousands of years. The water has become so strongly atkaline
that fish are unable to 1ive in it. In recent years the level of the lake
has been dropping; due to both natural evaporation and the diversion of
its tributaries, causing more of the lake bed material to be uncovered.

The possible suspension of this alkaline dust into the atmosphere has
been the concern of residents of the basin and regulatory agencies.
In order to obtain quantitative data on air quality in the Mono Lake
area, a study sponsored by the California Air Resources Board was conducted
by the Air Quality Group at U.C. Davis. The study included both weekly
il - monitoring and daily intensive sampling of particulate aerosols during a
24 week period, from May 13 to October 28, 1980. Measurement of ambient

‘4 aerosol concentrations were made by size mass and elemental composition.
Surface material was collected from the exposed lake bed and surrounding
soils to help determine the source of these aerosols.

It should be noted that the air samplers used in this study collected
only particles less than 15 micron aerodynamic diameter, ie. particles of
respirable size. State standards for TSP are based on Hi-Volume samplers
which have no inlet cutoff. Hence, particles as large as 100 microns can
be captured by these instruments. Therefore, measurements made in this
study may not indicate whether particulate standards have been violated, since
a significant portion of the total suspended particulate mass is not measured
by the stacked filter unit. '




2.

2.

PARTICULATE SAMPLER DESCRIPTION

1 STACKED FILTER UNIT

The stacked filter unit (SFU) is a two-stage sampler in which
size segregation is provided by the collection efficiency of 8um pore
size Nuclepore membrane. The first filter (coarse stage) collects
particles between about 3um and 15um. The second filter (fine stage)
collects the particles which pass through the first filter, that is,
particles below about 3um. The particle collection properties of the
SFU are similar to those of the human respiratory tracts, as shown in
Figure 1 . The figure includes the collection efficiency vs. particle
size of two stages for a typical set of filters, along with the curve

 of the upper respiratory tract. Also shown for comparison, is the

distribution of particles in a typical urban environment. The coarse

‘stage of the SFU thus primarily collects particles from the coarse, or

largely natural atmospheric mode which would be captured in the upper
respiratory tract. The fine stage of the SFU primarily collects particles
from the fine, or anthropogenic, mode which would be captured in the
Tungs and bronchial tubes.

Early tests on SFU's, bpth in the laberatory and infield intercomparisons,
showed two problems; 1)some coarse, dry particles appeared on the fine stage
due to a "bounce" or similar phenomenon, and 2}1oss of dry particles from the

coarse stage during transport. Both effects were largely (+90%) eliminated by
making the coarse stage sticky with an Apiezon-L grease applied at the factory
under Air Quality Group supervision.

The SFU illustrated in Figure 2 is assembled from the f0110w1nq components:




Stacked Filter Unit

Figure 1
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Intake

Filter Holder

Flow Adjustment

Pump

Flow Measuring
Device

Support Stand

A stack and cap designed to permit
ambient particles <15um to be pulled
through the filters. A wire screen
is provided on the cap to prevent
insects from entering the sampling
system.

A commercially available plastic
muttiple filter holder

A brass needle valve is used to set
the flow rate.

A diaphragm air pump is used to
provide air flow through the filters.
ITT Durair Model V-220 or Gast

Model DOA-161-AA.

A calibrated orifice is placed upstream
from the filters. The pressure drop
across the orifice is measured by a
magnehelic gauge, and is calibrated
against flow through the filters '
via a spirometer.

A tripod is used to hoid the
filter holders and stack intake

at a desired height - usually

5' (1.5m.) above ground.
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2.2 MODIFIED MULTIDAY SAMPLER

The daily sampler used in this study is a hybridization of the ARB
multiday sampier and the stacked filter unit, and is shown in Figure 3.
The automatic switching mechanism of the multiday sampler was retained but the
impactor drums and after-filter were replaced by 8 separate stack and filter
assemblies. The use of stack filters results in less size segregation than
the multiday (only 2 stages now rather than 3), but permits important gravi-
metric analysis of the filters. Each stack and filter assembly was used to
collect areosols for 24 hours. The filters were changed weekly. A1l samples
were collected at a flow rate of 10 liters per minute, and all sampler
characteristics {inlet configuration, etc.) were identical to the stacked
filter unit. Hence inlet cut and 50% cutpoint for the modified sampler were
identical to the SFU.

2.3 SOLAR ASSISTED BATTERY POWERED'UNIT

The solar assisted battery powered air sampling unit (BPU) is a dichotomous
air sampler based on the stacked filter unit (SFU). It was designed to
operate unassisted in areas lacking electrical power for one week at a time.
The unit is shown in Figure 5. A rechargeable battery (6 volt, 20 amp hour
gel cell) powers a Spectrex model AS-120 pump which pulls air through a stack
and two filters at a rate of one Titer per minute. The small size of the stack
and area of the filters (25mm diameter) was chosen to maintain the 3 micron
aerodynamic diameter for 50% capture efficiency at one liter per minute. A
solar panel is used to recharge the battery during daylight hours. A regulating
circuit ensures that relatively constant power is delivered to the pump which
minimizes fluctuations in the flow rate. Direct roof top side by side compari-
sons of the BPU and SFU were conducted at U.C. Davis and the results are shown
in'Figure 6. Generally the BPU over-estimates the gravimetric mass, although

the XRF elemental analysis shows fair agreement with the standard SFU. The
unit is still being perfected and a detailed description is being prepared for
publication. Thus, early results must be considered semiquantitative.
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TABLE 1

SFU~-MODIFIED MULTIDAY COMPARISON

{Concentrations in ng/m3)

SAMPLING Fine Si Total Si Fine Fe Total Te Fine S

, PERTOD SFU M SEU MD  SFU M S M SFUMD
1 666 619 1563 1712 &8 3y 168  1u2 32 2ul

2 714 399 3408 993 L9 15 311 69 534 170

3 $30 704 2079 1952 56 3 228 175 265 516

4 8§32 782 5763 3957 66 68 543 418 501 374

5 1429 825 8222 5931 111 72 850 630 465 261

6 1755 2248 6520 7150 14% 120 735 693 573  L39

7 868 947 5522 5554 56 55 587 569  u4ll 352

8 760 822 5666  huuu  uh 50 553 483 447 480

9 1713 747 7433 5646 65 50 605 u84 676 793

10 654 785 L4719 1982 L6 51 513 538 585 501

. 11 ugy 833 5545 B84y 72 63 7un 787 618 632
12 376 295 4197 2517 50 25 452 286 868 255

13 259 525 3015 6539 46 43 673 700 234 293

14 331 609 6608 5795 56 57 782 654 513 510

15 175 347 2677 4256 27 27 306 481 323 190

16 212 882 5953 7701 36 74 gu5 875 234 223

r=.60 r=.67 r=.81 r=.84 r=.35

Comparison of SFU and weekly averages of the modified miltiday for selected elements.
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FIGURE 6

SFU - BPU Camparison of Selected Elements

XRF Analysis (concentrations in nanograms per cubic meter)
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3. GRAVIMETRIC ANALYSIS OF AERQSOL SAMPLES

- The total suspended particulate mass in both of the size ranges may

be obtained by weighing each of the filters. Since the mass collected by

an SFU filter is several orders of magnitude less than that collected by

a standard Hi-Vol sampler, a sensitive balance which is accurate to tug s
needed. If this requirement is met, accuracy and precision comparable to
that obtained with a Hi-Vol is obtained, since the ratios of-deposit weight
to blank weight are comparable for the two samplers, as shown in Table 2.
Note that the deposit to blank ratio is three times better for Nuclepore than
for other membrane filters. -

In addition, the low hygroscopicity of the membrane filters compared
to Whatman 41 or fiberglass, greatly reduces humidity effects. Of all
filters tested, the Nuclepore membranes have the Tlowest hygroscopicity.

An estimate of the precision that can be obtained from SFUs can be
determined through side by side tests of multiple units. Numerous tests
have been performed for twenty-four hour duration runs using 10 1/min.
flow rates. For Nuclepore filters on both the coarse and fine stéges, the
precision in the gravimetric analysis of the collected masé averages + 4%,
for units with coated coarse filters, flow control on the pumps,‘and mass
determination by a Cahn-ModeI 25 electrobalance. This results in a precision
in the particulate mass value of +0.5ug/m3 for each size range. under conditions
of low particulate mass in the atmosphere. These tests include many sources
of uncertainty beyond those associated with the gravimetric analyses, including
flow rate, filter area, handling losses, intake variations, etc.

The precision of gravimetric analysis for the stacked filter unit was
also calculated from data collected in a recent study in Oregon. The SFU's
were operated for twenty-four hours at ten liters per minute. During the
course of the study, two scales were used to determine gravimetric mass;

a standard Mettler mechanical balance, recently serviced, and a Cahn elecro-
balance. Prior to weighing the filters, the electrostatic charge was removed.
Fi1tefs were weighed, placed in petri dishes, and retained for twenty-four
hours. Filters were then reweighed. A precision of + 9ug/m® was recqrded

-11-




TABLE 2  COMPARISON OF GRAVIMETRIC ANALYSES

HI-VOL SFU SFU
Fiberglass Coarse or Fine stage
or . fine stage Gn-1 or
W4l Nuclepore Fluoropore
- 2 2 2
Areal Density 8 mg/cm 1 mg/cm 3 mg/cm
o2 2 2
Filter Area 500 cm 17 cm 17 cm
Filter Mass 4000 mg 17 mg 51 mg
Flow Rate 1400 1/m 10 1/m 10 1/m
3 3 3
Volume of Air 2000 m 14 m 14 m
© (24 hrs.)
| . (1) |
Mass of Deposit 200 mg 0.48 mg 0.48 mg
Ratio of Deposit : ,
to Blank Filter 5% 3% 7 1%

(1) Assumes a total particulate density of lOOug/cm3 of which 1/3 is
larger than 15um, 1/3 between 3 and 15um, and 1/3 is smaller than 3um.

“12-




by the mechanical balance for both stages, while the electrobalance achieved
a precision of +0.3ug/m3 for the coarse stage filter and 0.lug/m3 for fine
stage filters (Nuclepore 0.4yn). '

X~-RAY ELEMENTAL ANALYSIS OF AEROSOL SAMPLES

The samples collected by the stacked filter units are well suited for
elemental analysis using x-rays, excited by x-ray sources (x-ray fluorescence,
or XRF), or by ion beams (particle jnduced x-ray emission, or PIXE).

Numerous SFU samples have been analyzed using the PIXE system at U.C. Davis.
Table 3 Tlists the minimum sensitivity in micr‘ograms/cm2 for the major elements
collected by SFU sampliers on a variety of filter substrates. The average
minimum sensitivity for Nuclepore is 1/2 that of Fluoropore, 1/3 that of

GA-1, and 1/7 that of W-41. Similar ratios would be generated by other x-ray
based analytical systems in which the filter substrate must be analyzed together
with the deposit. The quoted sensitivity for the U.C. Davis system is for

120 second irradiation, the standard time used for low sensitivity (and Tow
cost) analyses of multiple elements on air filters by PIXE. - Higher sensi-
tivities can be gained for well loaded filters by longer PIXE irradiations

or use by XRF, although the former increases cost, and the latter deletes

the tight elements Na through C1.

Elemental values from x-ray analyses must be corrected for the
absorption of x-rays between the point of emission, and when they leave the
sampie. Three types of effects may be present with SFU filters: (1)
particle size effects, produced by the absorption of x-rays before they
Teave the particle; (2) loading effects which involve absorption of x-rays by
the deposit which 1ies on top of the particle containing the emitting atom;
and (3) penetration effects for cellulose (GA-1 and Millipore AA) and teflon
{Fluoropore and Mitex} filters, which occur when particles penetrate the filter,
so that the filter medium absorbs x-rays. The SFU coarse stage corrections
incTude only particle size effects for an 8um filter operating between two
and twenty Titers per minute. Nuclepore size corrections include particle
size effects only, while for the other substrates, penetration effects must

-13-




TABLE 3 MINIMUM SENSITIVI’{IES FOR VARINNS SHBRSTRATES FOR TYFICAL
TWO-MINUT{.‘ ANALYSIS RUN. CONCENTRATIONS IN MIC'ROGRAMS/CM‘?

Nuclepore Fluoropore GA-1 W=l
(lug/cmz) (3 ug/cmz) 7 (3ug/cm2) (Bug/cmz)
Al U 200 - .30 .53
si .13 .20 .29 .53
S . .18 .27 .52
c1 .09 .18 .28 .55
K 06 .13 .18 42
Ca .04 .09 .13 .31
Ti, V .03 .09 .12 .29
. cr .03 .08 .11 .25
M .03 .07 .10 .23
’ Fe .03 .07 .10 .22
Ni .02 06 .08 7
Cu .02 .05 .07 14
n .02 .06 .09 .16
Br .04 .10 .13 .37
b .08 .20 .25 .70

“* PIXE system, U.C.Davis
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also be made. For the fine stage, loading corrections should also be included
(the total correction is a product of individual corrections). It must be
stated that the corrections currently used were only after making many
assumptions regarding the chemical and size characteristics of the depoSit,
and thus represent approximations valid only for typical ambient aerosols.
They may be seriously in error in source-enriched locations that have abnormal
particles in ‘large numbers,

DESCRIPTION OF X-RAY ANALYSIS SYSTEM

A diagram of the analysis system is shown in Figure 7. An 18 MeV alpha
beam from the cyclotron passes through the sample and is collected by the
Faraday cup, which measures the total charge Q that passes through the
sample. The number and energy of the x-rays produced in the sample are
measured by a Si (Li) detector and associated pulsed optical feedback circuitry.
Major effort was expended in the design of the electronics to measure this '
number accurately, including proper dead time corrections.

The number of characteristic X-rays, Nz’ produced by a transition of
element z, depends on the areal density (pt)Z of the element in the sample
according to

N, =4, (pt), Q
where AZ is a constant determined by gravimetric standards. A best value
for each transition was obtained by fitting the values measured for thirty
standards to a polynomial expansion. The estimated uncertainty in the
absolute value of any elemental concentration is ten percent.

Verification of the accuracy of the system has been made by (1) formal
and informal interlaboratory comparison, (2) selected reanalysis of samples
using PIXE after approximately one year. In ail cases, the errors are
routinely less than ten percent. '

- Tests have determined that there is very littie loss of material from
exposure to vacuum, beam irradiation, or long term storage. ‘The only detect-
able loss was a 25% decrease in halogens when the sample was irradiated for
sixty-four times the normal charge.

A11 elemental concentrations are corrected for matrix effects due
to the absorption of the X-rays as they pass through the sample. A small
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correction is made for the absorption from particles lying on top of the
particle containing the atom which produced the x-ray. Corrections exceed
five percent only for sodium and aluminum. A second correction is made

for absorption by the material in the particle containing the atom; this

is largest for large particles and low z elements. For the first stages

of the Multiday and of the stacked filter unit, the correction for suifur is
approximately thirty percent.

QUALTTY ASSURANCE PROGRAMS

The accuracy and precision of all data included in the Mono Lake
study are subject to quality assurance procedures. These procedures are
used in all aspects of this programn, from particulate collection through
data reduction. A formal third party review by Rockwell International under
the direction of the U.S. Environmental Protection Agency has been part of
this program since 1979. The formal protocol document is Tengthy, but
key elements as they bear on the Mono Lake project are identified below.

.1 SAMPLE COLLECTION

Most samples were collected via stacked fiiter units, and quality assurance
procedures were used on particulate sizing and on the elemental analysis of
ambient aerosol samples. The size segregationhis based on filter pore size,
flow rate, and filter coating. Hence, filter characteristics are critical.

A1l filters used were manufactured in a single batch process and the material
used was checked for trace element contamination. Pore size and particle cut-
off were verified through work of the Air and Industrial Hygiene Laboratory,
State Department of Public Health, Berkeley, under ARB contract. Anti-bounce

" coatings were applied by U.C.Davis at the factory, and coating densities were
verified in laboratory field tests. All were sealed and stored at Davis

prior to use, Field measurements of flow rate were made using an orifice meter.
The orifices were made by precision drilling a thin steel plug. These orifices
were then calibrated using a Collins Spirometer which is accurate to + 1%.
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By integrating the flow rate over the time of collection the volume of air
was determined. In no case did a significant (>20%) change of flow occur
during the program on the normal units,

6.2 SAMPLE ANALYSIS

Two types of sample analysis were conducted; mass using a Cahn 25 micro-
balance, and elemental content using the proton induced x-ray emission (PIXE)
system at Davis. The Cahn 25 was calibrated using type S weights. The results
of the Rockwell audit, of 9/81 indicated agreement to + 10ug, which is
equivalent to + 0.1ug/m® in the 7 day samples.

The PIXE analyses system is subject to an extensive and continuing
guality assurance program. The program includes:

a) The PIXE system is calibrated by 10 weighed elemental

standards, certified by Micromatter, Inc., Seattle, Wash.

b) The results are checked by comparison with literature x-ray

emission values for the jon beam and detector efficienby.
o ¢) The system is validated through use of comparisons against the

UCD XRF system, special EPA plastic foils from the Physics &

~ Chemistry Division Research Triangle Park, and participation
in intercomparison studies. The last published study was an
EPA/DOE test in 1978 for Si, S, Ti, Fe, ZIn, Se. Br, and Pb.
The PIXE system at Davis had a ratio of 0.98 + 0.08 (actual/
measured) for all elements analyzed.

d) The Rockwell International elemental intercomparisons have

just begun, and will be used to ensure the accuracy and
precision of the system.

In summary, the PIXE analysis system has achieved mean‘accuracy, and pre-
cision for all such tests since 1973 of 1.03 + 0.07 (actual/measured). Therefore
the quoted + 10% errors are conservative. Precision in element to element
ratios is + 2%. | |
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7.

SITE DESCRIPTIONS AND SAMPLING METHODOLOGY

Samp]ing'sites were selected in order to provide representative samples
of particuiate aerosol in the Mono Lake basin. The use of battery powered
units permitted sampling in areas lacking electrical power.

.1 WEEKLY MONITORING

The standard stacked filter units (SFU's) were set up at four sites
around the lake on May 13, 1979. Each sampler was used to collect a weekly
integrated aerosol sample. Figure 8 shows the sampling sites in the basin.
Site 1 was located in Lee Vining, the major population center in the basin.
The sampler was set up behind the high school, east of Highway 395, about
1 1/2 miles from the southwest shoreline. It was moved to the nearby Cal-

~ Trans yard midway through the sampling period (due to vandalism at the original

site). Site 2 was located on the property of the Hansen family, approximately
1000 feet from the northwest shoreline of Mono Lake near Mill Creek. Benton
was the location of the third SFU, near the house of Mr. Elmer Christie,

east of Road 6, 28 miles east-southeast of Mono Lake. The fourth SFU was
first located north of the lake in Bridgeport 16 miles away. After 7 weeks

it was moved to the ghost town of Bodie, 10 miles due north of the lake in

the Bodie hills., These four SFU's were run for seven consecutive days each
week at a flow rate of 10 liters per minute. Sampling ended on Qctober 27,
1979 for a total of 24 weekly sampling periods.

Battery powered units were set up at two sites on Auguét 20, 1979. One
was placed about one mile from the north shoreline on the Simis' property,
south of Road 167. The second battery powered unit was set up 300 ft. from
the south shoreline, just west of the South Tufa Towers. These units were
run for seven consecutive days at a flow rate of 1 1iter per minute. Equip-
ment problems led to réiiab]e data for only 6 weeks at the Simis site and
4 weeks at the Scuth Tufa site.
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A11 of the weekly monitoring sites were maintained and operated by
Charles Fryxell, The Great Basin Air Pollution Control District Officer,
and his employees Don Harjo and Bill Cox. Pre-weighed filters were placed
in filter holders at U.C. Davis and mailed via UPS toiMr. Fryxell in Bishop.
The operator would then drive to each site, measure the air flow before and
after the filters were changed with a spirometer calibrated orifice meter
and return this information with the exposed filters to U.C. Davis. Upon
arrival at UCD, the filters were post-weighed and prepared for x-ray analysis.

.2 SPECIAL STUDIES

On four occasions intensive 24 hour sampling was conducted. These daily
samples were collected to characterize both very clean and dirty days due to
blowing lake bed dust. Table 4 Tists these intensive sampling periods and the
observed weather conditions. Only one of the intensive sampling periods was
conducted during a significantly windy period. '

TABLE 4

OBSERVATIONS NOTED BY
INTENSIVE SAMPLING PERIOD SAMPLER OPERATORS

July 15-17, 1980 Occasional blowing dust
August 18-20, 1980 Occasional blowing dust
October 26-28, 1980 Calm and Clear

November 27-December 1, 1980 Significant sustained winds -

The sites used for these studies included the 6 sites used for weekly samp1ing
described above as well as additijonal sites, including: 7) the Benderup's
property near the north shore, 8) Krakatoa Island and 9) Cedar Hill, near
the California-Nevada border, 12 miles northeast of the Take. '

Continuous daily sampling was conducted using the modified multiday
impactor at one site. The sampler was located at the Hansen site for 6 weeks,
and then moved to the Lee Vining site for the remaining 18 weeks. The sampler
was run at 20 Titers per minute and provided data on the daily gravimetric as
well as elemental composition of the aerosol samples.
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7.3 SOILS

Soil samples were collected from the surface and several centimeters
below the surface at all of the aerosol sampling sites. In addition soil
samples were taken at several other locations around the lake. These samples
were resuspended and analyzed by PIXE to help determine the source of ambient
aerosols found in the Mono Lake area. In addition samples of the exposed
lake bed were also collected at several sites around the lake.

-22-~




RESULTS AND DISCUSSION

8.1 OWENS VALLEY-MONGC LAKE MONITORING, SPRING, 1979

- Early data on particulate matter at Mono Lake was gathered as part of
the California Air Resources Board program, "A Study of Ambient Aerosols in
. the Owens Valley Area," J.B. Barone, B.H. Kusko, L.L. Ashbaugh and T.A. Cahill,
November 1979. Mean weekly totals of gravimetric mass in the less than 15um
particle size range were obtained for seven sites in the Owens Valley for the
period February 20 to June 18, 1979. During part of this period, April 24-
June 18, 1979, monitoring was conducted at the Hansen ranch near Mono Lake.
Figure 11 shows the average total mass for each week found at Mono Lake.
While the mean particulate mass at Mono Lake was less than that of the average
of Owens Valley sites, the Mono Lake to Owens Valley ratio being 0.59 ! 0.28,
the patterns were very similar. Episodes of sharp]y'increased mass were '
superimposed on a steadily rising curve during this period. Detailed elemental
analysis of the composition of the ambient dusts and their potential sources
showed that the increased mass episodes in the Owens Valley corresponded
. with alkaline dust storms that contained a large measure of salts from the
dry Owens Lake bed. The smoothly rising portion 6f the curve appeared to be
due to increasing desication of the entire valley floor as spring advanced
into summer. The presence of coarse particulate chlorine and sulfur in the
two elevated episodes at Mono Lake during the weeks starting April 24 and
May 7, 1979, shows some Take bed influence. No other periods at Mono Lake had
such a signature. Nevertheless, even in these periods, soi],particulates
dominated the total mass, with only about a 5 T3 percent contribution from the
Mono Lake playas. This study also indicated that the meterological conditions
- at Mono Lake are similar to the better know behavior of Owens Valley, and
that under similar conditions of soil moisture, similar ambient particulate
matter concentrations are observed, By late June, the Mono Lake ambient
particulate concentrations were 0.98 + 0.09 of the Owens Valley values.

8.2 MONO LAKE MONITORING 1980

Weekly monitoring data are shown in Figures 11 through 15 for gravimetric
mass, silicon, iron, and sulfur.
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FIGURE 9
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FIGURE 10
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TABLE 5

BISHOP WIND SPEED

1979
) Speed May June July Aug: Sept. Oct. Total %
0 5 3 8 4 5 3 28 3.4
1-05 30 36 44 46 55 - 46 257  30.9
6-10 63 56 49 30 35 45 278 33.4
11-15 30 34 22 29 14 28 . 157 18.8
16-20 19 10 18 16 13 18 94 1i.3 Mean=8.93 kts
21-25 2 4 3 3 1 2 15 1.8
26-30 1 0 1 1 0 1 4 0.5
30 0 0 0 0 0 0 0 0
Mean 9.53 9.13 8.79 9.19 7.63 9.13 833 100
. Speed
i 1980
Speed May June July Aug. Sept. Oct. Total %
0 6 10 19 16 10 20 81 9.7
1-05 38 43 47 56 48 a5 277 33.1
6-10 51 56 40 50 34 42 273 32.6
11-15 33 26 27 22 21 13 142 17.0 Mean=7.55 kts
16-20 20 8 10 3 6 12 59 7.0
21-25 1 1 1 0 1 0 4 0.5
26-30 1 0o 0 0 0 0 1 0.1
30 0 0 0 0 0 0 0 0
. ~ Mean 8.33 7.81 7.38 6.56 7.23 6.83 837 100
' Speed '
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8.2.1 MONITORING OF GRAVIMETRIC MASS

Gravimetric mass data at Hansen's ranch show the same behavior in 1980
that they did in 1979, with an increase in June as the surface soils dried
out. The values for 1980, however, were only 52% of those for the same
period of 1979, confirming Tocal reports that 1980 was a relatively wet year
in the Mono Lake basin, and that average wind speeds were significantly less
in 1980 than in 1979. Once this rise had occurred, gravimetric values averaged
around 30ug/m° until the fall when sharply elevated values, up to 70ug/m3,
were measured. While the pattern of rising values in spring occurred at all
sites, major differences were also evident in the mass values from site to
site. Bridgeport had the lowest average mass values, while Benton and Bodie
had the highest. Note that little lake influence was expected at either
Bridgéport or Benton. Lee Vining had a major rise in June, 1980, twice the
value at Hansen's ranch, however the fall differences were much more modest,
reaching only about 40ug/m3. The fall increase at Hansen's ranch was also
seen at Bodie, and at similar levels, while no such increase was seen at
Benton. In fact, those parameters dominated by coarse mode mass (15um to
2.5um diameter}, including total gravimetric mass and soil-1ike particles

) such as silicon and iron, showed little correlation between Benton and the
other sites. This might be expected due to the shorter residence times of
coarse mode particles in the air. It should be noted however, that the spring
dust storms in 1979 showed increases in mass at both Owens Valley and Mono

Lake sampling sites, suggesting that synoptic scale meteorologic conditions may
have an important influence on measured concentrations over large distances
during some conditions.

Figure 10 and Table 5 shows mean wind speeds measured at Bishop during
similar time periods in 1979 and 1980. Bishop, located midway between Mono
Lake and Owens Dry lLake, has a National Weather Service Station where wind
speed measurements were made during daylight hours. Although this data may
not be representative of true mean wind speeds, the 1979-1980 differences
are significant, and may help explain why ambient particulate concentrations
were lower in 1980 than 1979.
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8.2.2 MONITORING OF SELECTED ELEMENTS

Two elements typically associated with soils, silicon and iron, are
shown in Figures 13 and 14. These two elements were chosen because they
are not a large fraction of the mass in the playas of the lake, but are a
significant proportion of the surrounding soils. One result in evidence
at all sites is that the particles collected are predominantly in the coarse
size range, (2.5 to 15 microns). Typical ratios of coarse to total mass
were 0.90 for these elements. Except under very strong winds conditions
such particles cannot travel far before settling. This is suggested by the
large concentration variations at each site. Significant soil contributions
to the total mass were seen at a single site often (soil episode), for example,
at Lee Vining on the week of June 2, at Hansen's ranch on the week of June 9,
at Benton on the week of July 7, and at Bodie on the week of August 4. Several
soil episodes occurred at more than one site; for the week of September 29
high soil levels were seen at Lee Vining and Hansen's ranch but not at
Benton. The Bodie filter was damaged so no information for this site was
available. A1l four sites exhibited elevated ambient concentrations for
the week of August 11. The sensitivity to local influence for coarse soil
derived particles makes detailed interpretation difficult. It can be stated
that soil derived particles (the elements A1, Si, K, Ca, Ti, Mn, Fe and their
oxides) dominates gravimetric mass at all sites for most periods, The
correlations between sites that occur can be explained by the similar response
of exposed soils to synoptic meteorology. The lack of strong similarities
suggest the sampling period had a low incidence of large scale windstorms.
Non-scoil type particles of interest include elements known to be common
in the playas and tufa formations of Mono Lake. Sulfur and chlorine ih the
coarse particle (2.5 to 15 microns) are generally produced from the exposed
lake bed materials. These elements were commonly found in the Take bed soil
samples, but were rare1y seen in soils away from the lake. The only anthro-
pogenic source of sulfur in the basin is automotive exhause which would produce
fine particle sulfur (Tess than 2.5 microns), and since no anthropogenic
- source of chlorine exists in the area, man made emission of coarse particle
sulfur or ch1or{ne is negligible. Long range transport of these large
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FIGURE 12a
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FIGURE 12b

Fine (particles less than 2.5 microns)

Weekly Monitoring of Gravimetric Mass

Coarse (particles 2.5 to 15 microns)

-31-

Hansen Ranch

— — —
——
— o —
—————
—

— -
———
e

Lee Vining

——
—— —
- —
——
—
—
— —

—
_—
[ —
T

— .
— -
_——— .,
—

-TZ-0T
- E€T-0T
- 90-0T
~6C-6
- 226
-91-6
~80 ~6
20 -6
-G-8
~61-8
- TT-8
-0 -8
-82-L
FIg-L
-PT-L
=L0=L
- 0E-9
-£2~9
~9T-9
609
—Z0-9
-92~-S
615
-ET-S

70

60 -

50 -

Jo3ou OTqno Xod suexboloTw

70

60 1

Jogsu oTqno Jed suezboroTw




FIGURE 13a
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FIGURE 13b
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FIGURE T4 a
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FIGURE 14b
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Fine (particles less than 2.5 microns)
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FIGURE 15

Weekly Monitoring of Sulfur
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particles from outside the basin may be disregarded due to the short
residence times they have in the atmosphere. Fine particle sulfur is
generally produced by gas to particle conversion of sulfur dioxide to sulfate
aerosols or by direct production of sulfates through the burning of fossil
fuels. These fine particles have long residence times in the atmosphere and
may be transported into the area from far away. In the Owens Valley study
of 1979, sharply elevated levels of coarse particle sulfur and chiorine.
were measured downwind of the dry Owens Lake bed during strong valleywide
windstorms For these reasons, sulfur and chlorine in the 2.5 -
15 micron range were investigated at Mono Lake. o

The results for sulfur, shown in Figure 15, indicate that the ambient
sulfur aerosol is mostly in the fine particle mode; less than 2.5 microns.
Furthermore, a stong relationship between sulfur concentrations at all
four sites, for both weekly patterns and average values are shown in the
data. Mean summer values of fine sulfur aerosol for the five sites were:

Bridgeport 614 + 148 ng/m3 (5719 - 7/15/80)
Bodie _ 388 + 255 ng/m3 (7/21 - 10/25/80)
Lee Vining 505 * 268 ng/m3 (5/13 - 10/28/80)
Hansen Ranch 443 + 308 ng/m3 (5/13 - 10/28/80)

+ 257 ng/m3 (56/13 - 10/28/80)

Benton - 482

These values are similar to those found at Lake Tahoe and suggest long range
transport may be responsible for the fine sulfur aerosol found in the area.
In addition, 1ittle change in mean particle size distribution was seen at
the sites close to the lake. Thus, the lake bed contribution to ambient
sulfur Tevels in the Mono Lake vicinity during 1980 was not significant.

A comparison of the sulfur to iron and chlorine to iron ratios measured
at Hansen's ranch was made. for the same period in 1979 and 1980. Table 6
shows these ratios as well as silicon to iron and titanium ratios for the
coarse particle mode. Fe/Fe was taken to be 100. The lake bed derived
aerosols increased significantly in 1980 while soil derived aerosols showed

only a slight increase.




TABLE 6

1979-1980 Comparison of Selected Elements

S/Fe C1/Fe Si/Fe Ti/Fe

1979 1980 1979 1980 1979 1980 1979 1980

May 13 6.7 80.0 9.0  234.5 708 816 7.6  <10.0
May 21 22.2 52.6 <6.5 16.9 604 1028 8.6 6.9
May 26 10.4 47.1 <6.1  114.5 696 842 8.4 4.7
June 2 <1.3 12.6 <2.7 12.8 657 1034 8.5 7.3
June 9 7.4 3.2 <2.9 3.6 788 919 6.5 7.6

8.3 SPECIAL STUDIES

Several studies were incorporated into this program to gain more infor-
mation on the ambient aerosols found in the Mono Lake area. First, soil
sampies were taken near the air sampling sites, from the exposed lake bed,
the land bridge to Negit Island and from surrounding soils. These were
resuspended at U.C. Davis and analyzed for elemental composition. Secondly, -
a daily sampler was operated for the entire 24 week sampling period. This
provided data on short term fluctuations of aerosol concentration. The
Tower mass loadings on the filters, however, resulted in a decrease of sensi-
tivity compared to the weekly samples. The third special study included
several weekly and daily sampling periods around the lake where continuous
electric power was not available. For this purpose solar assisted battery

powered units were used.




8.3.1 SOIL SAMPLES

Soi1 samples taken in the Mono Lake area were brought to U.C. Davis 7
for analysis. They were initially sifted, eliminating all particles greater
. than 50 microns in diameter. The samples were then placed in a resuspension
device developed by the U.C. Davis Air Quality Group which was designed to
collect particles less than 15 microns to coincide with the inlet cut point
of the stacked filter unit. The apparatus is shown in Figure 16 and the
results ére shown in Table 7. Bandy Black <lay, a National Bureau of Standards
reference soil, was used as a control. Ratios to Silicon were found to be:

" BANDY BLACK ANALYSIS

Al K Ti Fe
Si 54 X §i
. | NBS Value 46% 4.3%  2.8%  2.5%
| Trial 1 514 6.7%  3.4%7  2.3%

Trial 2 47% 5.4% 3.5% 2.3%

These data suggest that the resuspension device should provide a representative
sample of suspendable materials less than 15 microns in size.

Analysis of the materials that could be suspended by winds indicated several
distinct catagories (Table 8). The soils away from the lake bed are of itwo types-
silicon rich (i.e. Lee Vining) and calcium rich (i.e. Bodie). These materials

~ are often associated with uncovered surfaces, dirt roads, and other potential
sources for wind transport. _ |

The 1ake'bed soils, as expected, contained alkaline materials. The surface
soils were very typical of earth crustal average soils with an additional
sodium and chlorine component. Sub-surface soils, generally in muds that are _

. not resuspendable until dried and exposed, showed similar ratios to surface soi]s._'
Tufa deposits, as expected, were aimost totally calcium (calcium carbonate).

The efflorescent crust proved to be rather variable in composition,
containing mixtures of soil and alkaline matéria]s. However, except for some
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TABLE 8

SURFACE MATERIALS NEAR MONQO LAKE

. (ratios to Calcium)

Na Si S €L K Ca Fe

Soils (surface) _
Lee Vining <40 1500 <5 <5 185 =100 205
Bodie <35 176 <b <b 106 =100 60
Soils (lake) |
Surface 45 160 <7 17 20 =100 16
Sub-surface <50 35 2.6 16 13 =100 16
- Tufa deposits <5 2 <1 <] 0.6 =100 0.5
_— “White Lake Crusts
Negit Is. 40 20 107 301 67 =100 6
Pahoa Is. 640 370 143 70 63 =100 ' 51
beaches 1200 45 86 245 35 =100 9
heaches 5400 <b0 270 1070 456 =100 <10
beaches 1700 25 114 360 b2 =100 17
OWENS 209 116 6 22 22 =100 25

Note: C&/s ratio, surface, except Pahoa Is.
3.3t0.5, when both present.




samples from Pahoa Island, the C1/S ratios were quite constant, (3,3 + 0.5)
when both elements were simultaneouslty present. Pahoa Island samples were
soil rich and chlorine poor, (C1/S ratio of 0.49).
Sampies of the crystalline crust were collected by C. Simis from the
north eastern margin of the exposed lake bed. These were photographed using
a scanning electron microscope (SEM) and analyzed by energy dispersive x-ray
analysis by the U.S. Geological Survey. The results for three samples are
included in this report, (Figs. 17, 18 and 19) courtesy of Dr. Kenneth Lajoie
of the U.S.G.S. Visually the deposits show a crystalline nature, with structure
as small as one micron (10*4 an). Elemental analysis shows great similarities
between the three samples. Sulfur is the dominant element in all cases, with
major components of silicon and calcium. Chlorine was present in only minor
amounts, but most prominantly in the least crystalline sample (Figure 17).
The SEM analyses differ from the "white lake crust" category of Table 8
in that the SEM results show far less sodium and chlorine. The C1/S ratio
was 0.1. The reason for this difference cannot be resolved at this time without
more extensive analyses of surface crusts, but it shows the much higher degree
) of chemical variability we have seen at Mono Lake than at Owens Lake. It
also supports the necessity for actually resuspending particles in airstreams
. _ in order to match particulate composition seen in the atmosphere.

8.3.2 DAILY SAMPLING RESULTS

Daily sampling with the modified multiday Samp1er; began at Hansen's ranch
on May 13, 1980. Theunit was moved after 10 weeks to Lee Vining {on July 16)
for the remaining 14 weeks of the sampling period, to provide a more representative
sample of the likely exposure levels to residents of the City. The results
for silicon, iron, sulfur and chlorine are shown in Figures 17, 18, 19 and 20.
Evident from the coarse soil data is the rise from mid May to mid June as the
ground became more arid. Thereafter, levels remained relatively constant
even though mean wind speeds measured at Bishop declined from May to August.

- Large single day episodes of coarse silicon and iron were well correlated,
and increased in magnitude and frequency during the sampling period.

The levels of sulfur and chlorine remained quite low for most of the
sampling period. A sulfur episode was seen on July 23, and chlorine episodes
were observed on July 6-9, August 19, September 2 and October 12. Levels of
these elements increased significantly in mid October, near the end of the
sampling period.

-43-




Figure 17
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Figure 18
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Figure 19
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FIGURE 17
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FIGURE 18

Daily Monitoring of Sulfur
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FIGURE 19

Daily Monitoring of Chlorine
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8.3.3 SOLAR ASSISTED BATTERY POWERED UNIT

Weekly monitoring results taken with the solar assisted battery powered
unit are given in Table 9 . Generally the data is consistent with the SFU
measured values. The large chlorine episode at Simis on the week of
September 1 was seen with the daily sampler at Lee Vining on September 2.
The sulfur and chlorine episode at South Tufa for the week of August 20 was
concurrent with a large chlorine episode at Hansen's ranch, and elevated
sulfur values at Bodie and Benton. "

Tables 10 through 14 show the results of the 5 intensive sampling
periods when daily samples were taken. Intensive 1 shows slightly elevated
soil levels. Intensive 2 at Krakatoa Island shows:a drop in aerosol levels
as winds died down, Intensive 3 shows a large chlorine peak at Simis on
August 19 which may be a part of the episode seen at South Tufa and Hansen's
ranch on the week of August 20. By late November blowing dust became sig-
nificant on occasions, but there was only one sampler left in the area.
Concentrations observed were an order of magnitude higher than those seen

‘at any earlier time.
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CONCLUSION

The data collected in the Mono Lake area during this study suggest the
following conclusions. During the summer and fall of 1980, ambient aerosol
concentrations were usually quite Tow, with air quality being very good.

Weekly averages of particulate concentrations showed an increase in lTate spring
and. then remained fairly constant (around 35ug/m3) through October. The
contribution of the exposed lake bed crusts to the ambient particulate concent-
* trations was small, being on the order of a few per cent. Sevefa1 high dust
events of a short time scale occurred during the spring and fall, yiélding

on one occasion size-corrected 24 hour total suspended particulate (TSP)

values in excess of 500ng/m® (Simis ranch). Two-thirds of the mass was
measured to be inhalable. The beach or playa areas of Monoc Lake contributed
more to the aerosol concentrations than did the surrounding soils during

these events, yielding particulates rich in sodium, sulfur and chlorine.

An earlier ARB study by this group of air quality in the Owens Valley
showed the Owens Valley and Mono Lake areas behaved in a similar manner
. from February through June, 1979. Particulate levels in the Mono Basin were
somewhat Tower (40-105%) than the average levels in thé Owens Valley, but it
was noted that the spring dust storms in 1979 showed increases in mass at
both Owens Valley and Mono Lake sampling sites. Furthermore, mean wind
speeds during the 1980 sampling period were Tower than during the 1979 sampling
period, resulting in a decrease of ambient aerosol concentrations in 1980
(Figure 9). This indicates that synoptic scale meteorological conditions
may have an important influence on measured aerosol concentrations over large
distances during some conditions,

Further research is needed in the Mono Lake area. Specifically, the
relationship between local meteorology and dust events needé to be better
understood. The chemical nature of the particulate aerosol also needs to

be compared to the chemistry of the local soils and playas which s seen
to be much more variable than the playas of Owens Lake.
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MONO LAKE STUBY

Weekly Monitoring

May 13, 1980 to October 28, 1980
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UCD-ARB INVESTIGATION OF ATR QUALITY IN THE MONO LAKE ARFA
Weekly Monitoring Study

Gravimetric Mass - Micrograms per Cubic Meter
FINE - Particles less than 2.5 Microns

. Bridgeport Lee
Bodie Hansen Vining Benton
i 1. 5/13 - 5/19/80 - 4,3 4.9 3.0
2. 5/19 - 5/26/80 8.9 4.2 5.1 6.1
3. 5/26 - 6/02/80 7.0 7.8 7.1 4,7
4. 6/02 - 6/09/80 5.1 k.1 2.1 4.3
5. 6/09 - 6/16/80 I,y 3.7 3.6 Iy,
6. 6/19 - 6/23/80 9.0 5.8 4.8 4.8
7. 6/23 - 6/30/80 5.2 4.2 4.7 4.5
8. 6/30 - 7/07/80 4.4 4.2 4,7 8.1
9. 7/07 - 7/15/80 3.9 6.1 3.7 i.7
] 10.  7/15 - 7/21/80 - Iy 4.6 4.5
11.  7/21 - 7/28/80 6.2 8.3 7.5 6.6
. 12.  7/28 - 8/04/80 6.9 7.4 6.7 6.3
13.  8/05 - 8/11/80 4,2 5.1 5.0 3.8
4. 8/11 - 8/19/80 iy, 3% 13.9% 7.7 4, 8%
15.  8/19 - 8/25/80 4, 3% 13.9% 7.3 e
16.  8/25 ~ 9/01/80 4.2 9.2+ - 3.1
17. 9/62 - 9/08/80 9.0 8,24 - 7.1
18.  9/08 - 9/15/80 13.7 9.2+ - 3.7
19.  9/15 - 9/22/80 4,2 9.2+ 3.4 1.5
20, 9/22 -~ 9/%9,80 4.1 9.2+ 5.0 5.0
21. 9/30 - 10/06/80 - 5.0 6.6 5.6
- 22, 10/07 - 10/13/80 9.1 19.9 8.0 6.2
23. 10/13 - 10/21/80 1.9 2.4 5.6 3.5
) 24. 10721 - 10/28/80 6.6 4.8 8.3 4.2
* 2 week sample

+ 5 week sample




UCD-ARB INVESTIGATION OF ATIR QUALITY IN THE MONO LAKE AREA
Weekly Monitoring Study
Gravimetric Mass - Micrograms per Cubic Meter
COARSE - Particles 2.5 ~ 15.0 Microns

Bridgeport Lee

Bodie Hansen Vining Bernrton

- 1. 5/13 - 5/19/80 - 5.1 4.6 16.3
2. 5/19 - 5/26/80 4.7 7.4 3.0 16.2

3. 5/26 - 6/02/80 8.k 7.5 38.3 18.8

u, /02 - ©/09/80 10.9 26.2 71.6 21.6

5.  6/09 - 6/16/80 14.0 30.6 28.7 12.5

6.  6/19 - 6/23/80 25.3 9.5 28.9 32.6

7. 8/23 - 6/30/80  23.1 22.3 22.8 46.5

8.  6/30 - 7/07/80 17.6 14,9 18.9 28.0

9.  7/07 - 7/15/80 18.3 30.5 19.5 62.5

) 0. 7/15 - 7/21/80 - 19.2 19.6 50.8
11.  7/21 - 7/28/80 40.6 17.0 33.9 40.8

. 12.  7/28 - 8/04/80 48,7 14.9 19.2 17.9
13.  8/05 - 8/11/80 54.5 4.1 24.6 28.4
4. 8/11 - 8/19/80 47 4% 25.3% 27.5 31.1%
15.  8/19 - 8/25/80 47, 4% 25.3% 26.6 31.1%

16.  8/25 - 9/01/80 34,9 18.8+ - 16.2

17.  9/02 - 9/08/80 47.8 18.8+ - 65.L

18.  9/08 - 9/15/80 54.7 18.8+ - 20.3

19.  9/15 - 9/22/90 20.5 18.8+ 1.8 20.1

20.  9/22 - 9/29/80 24.0 18.8+ 21.1 21.6

21.  9/30 - 10/06/80 - 36.8 16.7

22. 10/07 - 10/13/80 58.8 ' 28.5 21.9

’ 23.  10/13 - 10/21/80 9.2 10.1 11.8
24,  10/21 - 10/28/80 23.5 14.8 26.9

1o
w

2 week samle

+ 5 week sample




UCD-ARE TNVESTIGATION OF ATR QUALITY IN THE MONO LAKE ARFA
Weekly Monitoring Study
Gravimetric Mass - Micrograms per Cubic Meter
TOTAL -~ Particles less than 15 Microns

. Bridgeport Lee
Bodie Hansen Vining Benton
. 1. 5/13 - 5/19/80 - 9.3 9.5 13.3
2. 5/19 - 5/26/80 13.6 1.5 8.1 22.3
3. 5/26 - 6/02/80 15.4 15.1 “‘, us.4 23.5
4.  B/02 - 6/09/80 15.9 30.3 73,7‘ 25.9
5. 6/09 - 6/16/80 18.4 34.3 32.3 16.9
6. 6/19 - 6/23/80 34.3 25.3 33.7 37.3
7. 6/23 -~ 6/30/80 28.2 26.5 27.5 51.0
8. 6/30 - 7/07/80 22.0 19.1 23.5 36.1
9. 7/07 - 7/16/80 22.2 36.6 23.2 67.2
10, 7/15 - 7/21/80 - 23.6 W2 55.3
' 11. . 7/21 - 7/28/80 46.8 25,2 o 7.4
. 12.  7/28 - 8/0u/80 53.6 22.3 25.9 24,2
13. 8/05 - 8/11/80 58.8 19.2 29.5 32.3
1.  8/11 - 8/19/80 61.6% 39,2% %2 35.9%
15. 8/19 - 8/25/80 51.6% 39,9% 33.9 35.9%
16. 8/25 - 9/01/80 39.0 28.0+ - 19.3
17. 9/02 - 9/08/80 56.8 28.0+ - - 72.5
18.  9/08 - 9/15/80 68.4 28.0+ - 2,1
18.  9/15 - 9/22/80 2.6 28.0+ 16.1 21.7
20,  9/22 - 9/29/80 - 28.1 28.0+ 26.1 26.6
21.  9/30 - 10/06/80 - 70.8 43.L 22.2
22. 10/07 - 10/13/80 67.9 51.7 3.2 28.1
) 23, 10/13 - 10/21/80 11.1 8.4 16.7 15.2

24, 10/21 - 10/28/80 30.1 - 15.2 22.7 31.1

ot
-

2 week sample

+ 5 week sample
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OWENS VALLEY STUDY

~ : MONO LAKE MONITORING

April 19, 1979 - June 11, 1979
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U.C.D. - ARB INVESTIGATION OF AIR QUALITY IN THE OWENS VALLEY
WEEKLY MONITORING STUDY .
Gravimetric Mass - Micrograms Per Cubic Meter
Mono Lake Avea Samples

'STAGE 1 . sTaeE 2 TOTAL

4/19 - 4/23 | 137 8.4 o 2201

423 - 4/30 2.2 3.4 5.6

) 4/30 - 5/7 13.0 8.5 21.5
5/7 - 5/14 10.8 | 5.0 15.8

. 5/1% - 5/21 | 11.5 5.6 17.1
5/21 - 5/28 | 15,1 - 6.0 21.1

5/28 ~ 6/4 3.4 | 4.0 38.4

/4 - 6/11 46.8 4.4 51.2
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OWENS VALLEY STUDY
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WIND ROSE DIAGRAMS
SURFACE WINDS AT BISHOP AIRPORT
Monitoring Period
- February 20 ~ June 18 ,1.979

- . ' N

s

DUST STORM PERIODS
i . April 5,6,7,15,16,17,22,23




OBSERVATIONS RT 3-HOUR INTERVALS May 1979
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OBSERVATIONS AT 3-HOUR INTERVALS June 1979
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